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(54) DELAY CIRCUIT 
(57)Abstract 

PROBLEM TO BE SOLVED: To provide a miniaturized, cost- 
effective delay circuit to be applied for a comparatively narrow 
frequency band. 

SOLUTION: Two parallel resonance circuits are constituted of 
dielectric resonators 1 4, 1 5 and voltage variable capacity diodes 8 
to 11, and the two parallel resonance circuits are mutually 
connected through a variable capacity capacitor 51. When reverse 
bias voltage is impressed from a terminal 1 3 to the diodes 8 to 11, 
the center frequency of a band pass filteKBPF) constituted of the 
two parallel resonance circuits can be changed by controlling a 
voltage change. When the capacity of the capacitor 51 is changed, 
the delay time of a high frequency signal can be changed. 
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LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Two parallel resonant circuits which consist of a circuit which carried out parallel 
connection of the dielectric resonator which has a high dielectric constant, and the electrical- 
potential-difference variable capacitance diode with which a reverse bias electrical potential 
difference is impressed to equivalence in RF in the delay circuit which delays the pass time 
of a RF signal are provided. The variable-capacity capacitor which is made to combine 
between these parallel resonant circuits with **, and controls the pass time of a passage high 
frequency signal, The delay circuit characterized by preparing the reverse bias electrical- 
potential-difference impression circuit made adjustable by controlling the reverse bias 
electrical potential difference which impresses the center frequency of the band-pass-filter 
property formed of two parallel resonant circuits combined by this variable-capacity 
capacitor to said electrical-potential-difference variable capacitance diode. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the delay circuit which carries out time 
delay of this RF signal intentionally in the circuit which processes the RF signal of the radio 
communication equipment in the radio frequency band of VHF-UHF. 
[0002] 

[Description of the Prior Art] Conventionally, in the radio communication equipment, in 
order to aim at implementation of the equipment engine performance, the circuit which 
carries out time delay of some RF signals may be installed, a delay element is inserted into 
the propagation path of a signal for this object, and acquiring a desired time delay is carried 
out widely. 

[0003] As said delay element, many transmission lines, such as a coaxial cable, are used and 
the so-called semi rigid coaxial cable which used the non-joint metal tube as a conductor 
especially outside also in the coaxial cable is excellent in the homogeneity of the precision on 
structure as compared with the braid coaxial cable, and since the electrical characteristics 
stabilized as a result are acquired, it is adopted by preference. 
[0004] 

[Problem(s) to be Solved by the Invention] the time delay property of the aforementioned 
semi rigid coaxial cable — a unit length — per (lm) — it is about 5 nanoseconds, and when a 
request time delay is several or less nanoseconds, this cable can be processed physically (it is 
processed into a coiled form), and it can hold in equipment comparatively easily (however, 
an allowable bending radius is restricted according to the dimension of a cable). 
[0005] However, when it is premised on the equipment dimension which the cable length in 
200 nanoseconds is set to about 40m, and is permitted by the usual radio communication 
equipment by the above-mentioned approach when the case where a request time delay 
continues till several 100 nanoseconds is assumed for example, installation (receipt) of a 
cable is difficult. 

[0006] Furthermore, when extending cable length, it will be necessary to mind a feed-thru 
connector etc., and a semi rigid coaxial cable has that common a manufacture top and its 
standard size of whose are about 2m, and profitability gets worse. In addition, although the 
thing of about several 10m KEBU length can also be manufactured, since it differs from a 
general production process, profitability gets worse similarly. 

[0007] For the purpose of mobile communications, paying attention to the application 
frequency band of a delay circuit being comparatively limited to a narrow-band, this radio 
communication equipment solves said conventional fault, and especially the object of this 
invention has it in offering the delay circuit which contributes to a miniaturization and 
profitability. 
[0008] 

[Means for Solving the Problem] The above-mentioned object possesses two parallel 
resonant circuits which consist the dielectric resonator which has a high dielectric constant, 
and the electrical-potential-difference variable capacitance diode with which a reverse bias 
electrical potential difference is impressed of a circuit by which parallel connection was 
carried out to equivalence in RF. The variable-capacity capacitor which is made to combine 
between these parallel resonant circuits with **, and controls the pass time of a passage high 
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frequency signal, By two parallel resonant circuits combined by this variable-capacity 
capacitor It is attained by having prepared the reverse bias electrical-potential-difference 
impression circuit made adjustable by controlling the reverse bias electrical potential 
difference which impresses the center frequency of the band-pass-filter (BPF) property 
formed to said electrical-potential-difference variable capacitance diode. 
[0009] According to the above-mentioned means, the time delay of a passage RF signal can 
be made adjustable by being able to carry out adjustable [ of the center frequency of BPF ], 
and carrying out adjustable [ of the capacity of said variable-capacity capacitor ] by 
controlling the reverse bias electrical potential difference impressed to said electrical- 
potential-difference variable capacitance diode. 
[0010] 

[Embodiment of the Invention] Hereafter, a drawing explains the gestalt of operation of this 
invention. 

[001 1] Drawin g 1 is circuitry drawing of 1 operation gestalt of this invention. In drawing, 1 
and 2 are an input terminal and an output terminal, and are respectively connected to an input 
transmission line and an output transmission line. Furthermore, capacitors 3 and 4 are 
installed considering adjustment with the characteristic impedance of an input or an output 
transmission line, and a parallel resonant circuit as a key objective. 
[0012] When only a certain specific frequency band desires separation and selection, the 
band-pass filter (BPF) is used widely. As construction which realizes this BPF, as shown in 
drawing 3 , constituting combining two parallel resonant circuits 16 and 17 is used. Parallel 
resonant circuits 16 and 17 consist of an inductance L and Capacitor C, and this is electrically 
combined by the coupling capacitor 5. 

[0013] The center frequency of BPF is determined by the capacity of L and C which are the 
component of parallel resonant circuits 16 and 17 in general with the configuration of 
drawing 3 . Furthermore, the selection property as BPF can change by changing the value of 
the capacitor 5 for association suitably, and it becomes possible simultaneously to change 
delay characteristics and the time delay of the signal which will pass BPF if it puts in another 
way of it. 

[0014] This invention carries out application expansion of these properties. A parallel 
resonant circuit is constituted by the dielectric resonators 14 and 15 and the electrical- 
potential-difference variable capacitance diodes 8, 9, 10, and 1 1 in drawing 1 . The dielectric 
resonators 14 and 15 have a high dielectric constant, and resonance frequency is set as the 
quantity region a little rather than the frequency which should be chosen. The electrical- 
potential-difference variable capacitance diodes 8-11 have the property that capacity value 
changes corresponding to change of the reverse bias electrical potential difference impressed. 

[0015] One parallel resonant circuit is constituted from a dielectric resonator 14 and 
electrical-potential-difference variable capacitance diodes 8 and 9, and other one parallel 
resonant circuit consists of a dielectric resonator 1 5 and electrical-potential-difference 
variable capacitance diodes 10 and 11. The impression of a reverse bias electrical potential 
difference to the electrical-potential-difference variable capacitance diodes 8 and 9 is 
impressed through the resistance 6 aiming at RF signal inhibition from the bias voltage 
impression terminal 13. Moreover, the reverse bias electrical potential difference to other 
electrical-potential-difference variable capacitance diodes 10 and 1 1 is impressed through 
resistance 7 from the bias voltage impression terminal 13. The capacitor 12 connected with 
the terminal 13 between touch-down aims at decoupling (decoupling) of the bias voltage 
supply circuit connected to a terminal 13. 

[0016] Moreover, the variable-capacity capacitor of the structure where the coupling 
capacitor 51 which combines two parallel resonant circuits carries out adjustable [ of the 
capacity value ] is used. 

[0017] It can carry out adjustable [ of the center frequency of BPF constituted by two parallel 
resonant circuits combined with a coupling capacitor 51 ] by control of the reverse bias 
electrical potential difference impressed to the electrical-potential-difference variable 
capacitance diodes 8 and 9 and the electrical-potential-difference variable capacitance diodes 
10 and 1 1 from a terminal 13. Moreover, delay characteristics can carry out adjustable [ of 
the time delay of a passage RF signal ] by changing the capacity of the variable-capacity 
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capacitor 5 1 . 

[0018] When the application frequency band of a delay circuit is comparatively limited to a 
narrow-band by this, adjustable [ of the center frequency of BPF ] can be carried out by 
control of the reverse bias electrical potential difference impressed to the electrical-potential- 
difference variable capacitance diodes 8-11, and the necessary time delay property in an 
application frequency can be acquired easily. 

[0019] Drawing 2 is drawing which transformed the configuration of drawin g 1 as a RF- 
equal circuit. In drawing, 161 and 171 show a parallel resonant circuit, and L ! in a circuit 
expresses the equivalent inductance of the dielectric resonators 14 and 15 of drawing 1 , and 
C expresses the juxtaposition composition capacity of the electrical-potential-difference 
variable capacitance diodes 8 and 9 of drawing 1 , or the juxtaposition composition capacity 
of the electrical-potential-difference variable capacitance diodes 10 and 11. 
[0020] Juxtaposition composition capacity C is dependent on the reverse bias electrical 
potential difference of variable capacitance diodes 8-10. If it puts in another way, the 
resonance frequency of parallel resonant circuits 161 and 171 becomes adjustable with the 
control voltage impressed to the control terminal 13, namely, can make adjustable center 
frequency of the band which should be chosen from the property as BPF. 
[0021] Moreover, delay characteristics can carry out adjustable [ of the time delay of a 
passage RF signal ] by ** which changes the capacity of the variable-capacity capacitor 51. 
[0022] Drawing 4 and drawin g 5 show location survey property drawing of the delay circuit 
which applied this invention. The property of the time delay when being referred to as the 
center frequency of 276MHz ( drawing 4 ) of BPF and 288MHz ( drawing 5 ) by control of a 
reverse bias electrical potential difference is shown. In addition, in this example, as a 
necessary time delay, as it has been 200 nanoseconds in general, the capacity value of the 
coupling capacitor 5 1 of a parallel resonant circuit is chosen. 

[0023] Drawing 6 shows the outline dimension of the delay circuit which realized the 
location survey property shown in drawin g 4 and drawin g 5 . This 25mmx35mmxl2mm 
magnitude has structure remarkably miniaturized as compared with the case where the semi 
rigid cable used for the conventional technique is used. 
[0024] 

[Effect of the Invention] It is ****** to realize easily the comparatively big time delay of 
several 100 nanoseconds as a delay circuit of the radio communication equipment in a VHF- 
UHF band as mentioned above according to this invention. Moreover, by using BPF, there 
are a miniaturization and effectiveness which can be constituted economically comparatively. 



[Translation done.] 
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[Brief Description of the Drawings] 

[Drawing 1] Circuitry drawing of 1 operation gestalt of this invention. 
[Drawing 2] The equal circuit block diagram of drawing 1 . 

[Drawing 3] general [ for explaining this invention ] — the block diagram of BPF. 
[Drawing 4 ] Property drawing of 1 operation gestalt of this invention. 
[Drawing 5] Property drawing of 1 operation gestalt of this invention. 

[Drawing 6] The outline dimensional outline drawing of 1 operation gestalt of this invention. 
[Description of Notations] 

1 [ — Resistance, 8-10 / — Electrical-potential-difference variable capacitance diode, 12 / — A 
decoupling capacitor, 13 / — 14 A reverse bias electrical-potential-difference impression 
terminal, 15 / — A dielectric resonator, 51/ — 161 A coupling capacitor, 171 / — Parallel 
resonant circuit. ] — An input terminal, 2 — 3 An output terminal, 4 — 6 The capacitor for 
adjustment, 7 



[Translation done.] 
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